The sense of smell is mediated by GPCRs in the odorant receptor (OR) family. Greer et al. report a new family of odor detectors, MS4As, that have similar cellular localization and chemodetection ability as ORs but are not GPCRs and follow a strikingly different logic of odor coding at the periphery.
The ability of animals to sense their environment is crucial for their survival and well-being. In vision, the photon is the sole unit of information, so just a few primary receptors can detect and decode a vast amount of information. The problem is different for olfaction because odor language is diverse, with a spectrum of organic chemical elements that produce a nearly infinite variety of volatile odor molecules. What is the repertoire of receptors needed to detect the chemical environment? In this issue of Cell, Greer et al. report the discovery of a new and unforeseen family of mammalian odor receptors that recasts our understanding of how olfaction works (Greer et al., 2016) .
How do sensory neurons account for the immense range of odor discrimination and perception? In 1991, Axel and Buck found that, unlike vision, the logic of the olfactory system is more analogous to the immune system (Buck and Axel, 1991; Malnic et al., 1999) , with hundreds of variants of a specialized family of G-protein-coupled odorant receptors (GPCR ORs). Each is tuned to a specific piece of an odor molecule, and each sensory neuron expresses just one of the OR variants ( Figures 1A and 1B) . Individual odors activate different combinations of sensory neurons, whose combined activity tells the brain which molecules are present in the environment (Touhara and Vosshall, 2009) . Nobel awarded, case solved, right?
Yet since the discovery of the OR genes, a comprehensive picture of how mammals detect and process odors has remained elusive, given the hundreds of known receptors and the perhaps limitless undefined odor space. That means the field will not know when it has accounted for all of the receptors that sense odor. Indeed, a small family of GPCRs unrelated to ORs, trace amine-associated receptors (TAARs), were also found to be olfactory sensory receptors ( Figure 1C ) (Liberles and Buck, 2006) , showing that odorant detection is not confined to a single molecular family.
Perhaps multiple receptor families exist because there are two different functional classes of odors. For the first class, experience is necessary to identify and assign value to the odors. You smell a pizza, you eat a pizza-the meaning of the association, good or bad, is learned and can change if the next experience with that odor has a different outcome. The second class is specialized and activates neural circuits ''pre-programmed'' with meaning, as is the case for pheromones. The sniff of specialized odors has a high probability to generate the same behavior across individuals, with limited flexibility (Stowers and Logan, 2010) . While some specialized odors are detected by an olfactory subsystem (the vomeronasal organ), few specialized receptors are known (Liberles, 2014) . The advent of deep sequencing promised to identify novel chemodetectors, but nothing new has been reported. Perhaps this is because the assumptions were wrong. It has been presumed that one should be looking for new families of GPCRs with a single receptor type expressed per sensory neuron.
Greer and colleagues put aside canonical assumptions and used deep sequencing and nanostring technologies and discovered a new family of receptors expressed by olfactory sensory neurons, the MS4As ( Figure 1D ). Members of this family were previously studied in the context of calcium signaling in the immune system, although their ligands were unknown (Eon Kuek et al., 2016) . Both in vivo and in vitro analyses clearly demonstrate that the MS4As fulfill the expected criteria of odorant receptors. MS4As are localized at neural termini and are activated by olfactory ligands with similar kinetics and effective concentration range as ORs. However, that is where the similarities to ORs and TAARs end. They are not GPCRs! Instead, they are four-transmembrane proteins with an unknown signaling mechanism that activates neurons.
While the ORs are thought to detect all potential odors, MS4As appear to specialize in detecting ethologically relevant ligands, including a known pheromone, unsaturated fatty acids, and sulfated steroids, which can elicit innate behaviors. The axons of MS4A-expressing neurons project to an anatomically distinct region of the olfactory bulb called the ''necklace glomeruli.'' The necklace neurons are unusual in that they do not express olfactory signal transduction elements and have been shown to function in social feeding behavior (Munger et al., 2010) . Even more startling is that the MS4A family does not follow the oneneuron-one-receptor expression rule of mammalian ORs. Rather, immunohistochemistry reveals that each neuron expresses multiple MS4A genes. Considered together, the variety of unexpected results here underscores how much remains unknown about olfaction.
The expression of multiple MS4As in a single neuron complicates our understanding of their role in olfactory sensation, which relies on the brain distinguishing neural activity from each receptor. Greer et al. provide three interesting possibilities to resolve this surprising organization. Perhaps within a single neuron, each MS4A activates distinctive signaling signatures. This would enable generation of a unique temporal response specific to each odor. Alternatively, MS4As may not function in odor identity. If MS4As are restricted to detect specialized odors and are anatomically segregated to the necklace, they may serve as an alert system. In this model, the ORs would signal odor identity, the MS4As would signal attention, and the combined activity of these two sensory types would command focus on important signals present in complex odor blends. The TAARs may be serving a similar function for lowconcentration amine ligands (Dewan et al., 2013) . Finally, an individual's internal state powerfully alters odor meaning; for instance, hunger changes the aroma of food. Perhaps MS4A neurons monitor self-generated or internal metabolites like fatty acids that fluctuate with physiological state. This could enable early circuit integration of internal and external cues that may expedite behavioral coding computation.
Just when we thought the peripheral logic of olfactory coding was solved, the discovery of an unexpected olfactory receptor family shows that it's much more complicated than we may have appreciated. It will be exciting to learn how MS4As and other odorant receptors act in concert to trigger perception and behavior. Olfactory sensory neurons were known to express individual ORs or TAARs, and now the GC-D type of neurons has been shown to express MS4As, which break the one receptor per neuron rule. Other neuron types lack known chemoreceptors. The function of multiple receptor families and neuron types remains unclear.
